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INTRODUCTION

George Rusch, NAC/AEGL Chair, opened the meeting with brief remarks noting that this off-site
meeting was in conjunction with the 42nd Annual Meeting of the Society of Toxicology.  At the
end of the meeting, George surveyed the committee members regarding their opinion on having
the regular quarterly NAC/AEGL meetings in conjunction with other meetings such as SOT. 
EPA staff scientists, George Woodall and Marquea King, were introduced.  George noted the
absence of Roger Garrett, AEGL Program Director, due to illness.

Paul Tobin provided an update from EPA on the use of data involving human subjects for
development of AEGL values (Attachment 1).  In addition, Ernie Falke  referred to the Standing
Operation Procedures (SOPs) for a statement on human studies.  The SOPs state that no data on
humans known to be obtained through force, coercion, misrepresentation or any other such means
will be used in the development of AEGLs (Attachment 2).  

Paul Tobin reported that an internal AEGL web site is under development and will be maintained
by Po-Yung Lu.  In the near future, draft TSDs and key references will be available on the web
site prior to NAC/AEGL meetings.  Ursula Gundert-Remy mentioned that the Europe ACUTEX
is making good progress and will keep the NAC/AEGL updated in the future. 

The draft NAC/AEGL-27 meeting highlights were reviewed; two minor changes were suggested.  
John Morawetz asked for clarification on whether the meeting had discussed if the health effects
found in toluene studies below 200 ppm were considered AEGL 1 effects.  He also was
concerned about how the committee should proceed if a member raises a question on the accuracy
of the description of a paper used in the TSD section on the derivation of AEGL values.  He
proposed that the committee either reach a consensus on the description of the paper or postpone
discussion on the derivation section and withhold judgment until there is a consensus. A motion
was made by Mark McClanahan and seconded by John Hinz to accept the meeting highlights as
presented with the aforementioned revisions.   The motion passed unanimously by a voice vote.  
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The final version of the NAC/AEGL-27 meeting highlights is attached (Appendix A) and was
distributed to the NAC/AEGL by e-mail on March 28, 2003.  

The highlights of the NAC/AEGL-28 meeting are summarized below along with the Meeting
Agenda (Attachment 3) and the Attendee List (Attachment 4).  The subject categories of the
highlights do not necessarily follow the order listed in the NAC/AEGL-28 Agenda.

STATUS  REPORTS

NRC/COT/AEGL Subcommittee Review Meeting of January 27-29, 2003

Ernie Falke reported that a total of 13 (new and revisited) TSDs were reviewed in January at
Irvine, CA.  They are Acrylic acid, Allylamine, Carbon monoxide, Chlorine dioxide,
Crotonaldehyde, Cyclohexylamine, Ethylenediamine, Ethyleneimine, HFE-7100, Hydrogen
sulfide, Methanol, Phenol, and Propyleneimine.  In addition to reviewing the TSDs, the concept
of LOA was introduced to COT/AEGL subcommittee.  The COT/AEGL supported the concept of
LOAs. LOA methodology will be incorporated into the SOPs in the near future.

   Critical Health Effects Starting Points for AEGL Determination: LOAEL vs NOAEL

Roger Garrett and George Alexeeff had a number of discussions on the TSDs of concern.  A
summary status report (Attachment 5) was prepared by Po-Yung Lu and distributed to the
NAC/AEGL for information and any further discussion.  It appeared that no more clarification is
warranted and a motion was made by George Alexeeff and seconded by Bill Bress to accept the
status report.  The motion was approved by a unanimous voice vote (Appendix B). 

TECHNICAL  ISSUE  DISCUSSIONS

LOA Subcommittee Report: Data Quality Report
Mark McClanahan

Mark McClanahan summarized the odor subcommittee’s February 13, 2003 conference call. 
George Alexeeff discussed three tables he had developed showing chemical specific
sub-AEGL-1, AEGL-1 and AEGL-2 signs/symptoms identified in the TSDs.  Most of the
discussion focused on the AEGL-1 table. The AEGL-1 table includes those signs/symptoms used
to define the AEGL-1 level as well as those classified as more severe than AEGL-1 but not
AEGL-2 signs/symptoms.  The participants expressed some confusion with the AEGL-1 table. 
George Alexeeff  will revise the AEGL-1 signs/symptoms table.  He may produce two separate
tables or designate those signs/symptoms which have not been used to define AEGL-1 but have
been identified in the TSDs as below AEGL-2 with an asterisk.  George Alexeeff will revise this
table and present all three tables at the June meeting.  He will also produce a more compact set of
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tables (not chemical specific) with just signs/symptoms for these three levels: less than AEGL-1,
AEGL-1 (but less than AEGL-2) and AEGL-2.

The subcommittee also discussed a paper about NOAELs/LOAELs published by George Alexeeff
that led to the suggestion that George present his findings at the June meeting.  With approval of
the NAC/AEGL a description of George's findings along with how the NAC/AEGL will use this
information will be placed in the SOPs. 

Overview of Fundamental Principles of Industrial Hygiene
John Morawetz

John Morawetz gave a presentation on Basic Occupational Exposure Assessment, noting the
variability in exposures in the work environment, the different types of occupational samples and
collection devices, and the variable sampling times.  He compared the constant exposure to all
subjects in animal and human chamber studies to the variability in occupational exposures, the
basic sources of occupational variation, and the various types of exposure measurements (area,
personal, short-term, time-weighted-averages, bulk) (Attachment 6).  He then presented a draft
proposal for the evaluation of human exposure measurements in the occupational setting
(Attachment 7).  The committee agreed with the first two points of his proposal that breathing
zone samples are preferable and that the type of sample should be clearly described in the TSD
(Appendix C).  Discussions on the rest of John Morawetz's proposal was deferred to the June
meeting when Ed Bishop of the NRC/COT will be attending.  A working team was formed to
explore these issues further.

AEGL Applications: Relevance to Occupational Exposures
George Rusch

A revised draft of the application of Acute Exposure Guideline Levels was distributed at the
meeting (Attachment 8) representing input from several committee members.  It was briefly
discussed before the decision was made to defer further discussion to the NAC/AEGL-29
meeting.

Iron pentacarbonyl
CAS Reg. No. 75-55-8

Chemical Manager: Ernie Falke, EPA
Staff Scientist: Bob Young, ORNL

Ernie Falke reviewed the values that were originally approved by the NAC/AEGL in
NAC/AEGL-25 (June 2002) (Attachment 9).  The point-of-departure (POD) for the AEGL-3 was
2.91 ppm for 6 hours which resulted in the death of 1/10 rats (a second exposure resulted in 50%
mortality).  The NAC/AEGL decided to revisit the AEGL-3 because it was based on a “LOAEL.” 
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There was uncertainty as to how many deaths actually resulted from the single exposure as deaths
may not occur for several days.  Ernie did a benchmark dose analysis (log probit) of the BASF
(1995) rat data using two scenarios: 1 of 10 or 5 of 10 animals would have died from the exposure
to 2.91 ppm.  Assuming 1/10 deaths, the resulting MLE LC01 and BMDL LC05 were 2.4 and 1.7
ppm, respectively.  Assuming 5/10 deaths, the resulting respective values were 1.9 and 0.80 ppm
( Attachment 9).  Normally the more conservative BMDL LC05 of 0.80 ppm would apply. 
However, no deaths occurred when 10 rats were exposed to 1.0 ppm for 6 hours/day for up to 28
days.  Therefore, 1.0 ppm was chosen as a more reasonable POD.  Because the rat is 2-3 times
more sensitive than the mouse (based on the data of Sundeman et al. 1959) and a very
conservative endpoint was used (no deaths for 28 days), an interspecies uncertainty factor of 1 is
reasonable.  An intraspecies uncertainty factor of 3 as used in the original derivation was retained. 
Time-scaling utilized n = 1.  Steve Barbee noted that the Sundeman et al. (1959) experiment was
for only 5 days, a more reasonable acute exposure (the data involved an exposure to 118 ppm and
a suggested total UF of 30).  It was decided to use the Sundeman et al. (1959) data for support.  It
was moved Loren Koller and seconded by Mark McClanahan to accept the rederived AEGL-3
values of 3.6, 1.2, 0.60, 0.15, and 0.075 ppm.  The motion passed unanimously (YES: 18; NO: 0;
Abstain: 0) (Appendix D).  There was comment about the 8-hour AEGL-3 value being lower than
the ACGIH-TLV.

The original AEGL-2 values were calculated by dividing the AEGL-3 values by 3 (supported by
the steep dose-response curve).  Tom Hornshaw suggested a larger factor such as 6, based on the
3 for the steep dose-response curve and 2 for bad data.  He also suggested looking at nickel
carbonyl to derive a structure-activity relationship.  The discussion was tabled at this point. 
When the discussion was resumed, the consensus was that nickel carbonyl was not a good
surrogate for iron pentacarbonyl (this included differences in species sensitivity).  It was moved
by Bob Benson and seconded by Bob Snyder to retain the original AEGL-2 values.  The motion
passed (YES:15; NO: 0; Abstain: 1) (Appendix E).  It was noted that the reduction factor of 3
must be justified.

REVIEW AND RESOLUTION OF COT/AEGL COMMENTS

Ethyleneimine
CAS Reg. No. 107-15-3 

&
Propylenimine

CAS Reg. No. 75-55-8 

Chemical Manager: Mark McClanahan, CDC
Staff Scientist: Kowetha Davidson, ORNL

TSDs of Ethyleneimine and Propylenimine were reviewed by COT/AEGL in January 2003.  They
were approved by COT/AEGL pending the availability of data to develop an LOA.  Kowetha
Davidson presented the available odor information (Attachement 10) used to develop LOA values
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for these two chemicals.  Marc Ruijten provided the calculation of the LOA based upon an odor
threshold (OT50) for ethyleneimine of 0.698 ppm.  This gave an LOA, under field conditions, of
10.8891 which to two figures is 11 ppm.  The 10 and 90 percent population response estimates
are 2.1 to 56 ppm, respectively.  (Under laboratory conditions the default values gives a factor of
12 times the OT50 while under field conditions the factor is 16.)  A motioned was made by Ernie
Falke to accept the LOA of 11 ppm; the motion was seconded by Richard Thomas.  The motion
passed (YES: 16; NO: 0; Abstain: 1) (Appendix F).   

There are no odor threshold data for propylenimine so an LOA value could not be calculated. 

Piperidine 
CAS Reg. No. 110-89-4 

Chemical Manager: Mark McClanahan, CDC
Staff Scientist: Kowetha Davidson, ORNL

The NAC/AEGL committee initially considered piperidine at the June 1997 meeting at which
time there was insufficient data on which to base development of either AEGL-2 or AEGL-3
values.  Since that time, BASF has made available two studies upon which to base AEGL values.
A motion was proposed by John Hinz and seconded by Nancy Kim to set aside AEGL-1 values
developed in Sept. 1998.  The motioned was unanimously approved (Appendix G).  Kowetha
Davidson presented data analyses of the two studies (Attachment 11).

The AEGL-1 values were based on the lowest concentration (50 ppm) that caused nasal irritation
in rats (nasal secretions and bloody encrustation) during and after a 6-hour exposure; there was no
eye irritation at this concentration (BASF, 1990).  Uncertainty factors (UF) of 3 for interspecies
sensitivity and 3 for intraspecies variability (total UF = 10) were applied to the 50-ppm exposure. 
The rationale for selecting interspecies and intraspecies UFs of 3 is as follows: (1) the effect
observed at 50 ppm was mediated by direct contact of piperidine (corrosive agent) with the nasal
epithelium without involvement of other regions of the respiratory tract, and (2) the composition
of the nasal mucosa is similar among species and among individuals within the population.  After
applying a total uncertainty factor of 10, the resulting value of 5 ppm was time scaled based on
ten Berge’s equation, Cn × t = k.  Scaling was based on regression of LC50 values for the mouse,
guinea pig, and rat (n = 1.5).  The 6-hour exposure was scaled to other time points except that the
30-minute value was retained for 10 minutes.  It was proposed by Bob Snyder and seconded by
Bob Benson to adopt the proposed AEGL-1 of 10, 10, 6.6, 2.6, and 1.7 ppm for 10-, 30-minutes,
1-, 4- and 8-hours, respectively.  The motion passed (YES:14; NO:1; Abstain:0) (Appendix G).

The initially proposed AEGL-2 values were based on the concentration of piperidine (200 ppm)
that caused nasal irritation along with salivation and evidence of some eye irritation within a 6-
hour exposure duration.  This value was considered a NOAEL for severe irritation.  Uncertainty
factors and the time scaling procedure were the same as described for derivation of AEGL-1
values.  The 30-minute value was retained for 10 minutes because of scaling from a 6-hour
exposure.  It was proposed by Bob Snyder and seconded by John Hinz to adopt the proposed
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AEGL-2 of 100, 100, 66, 26 and 17 ppm for 10-, 30-minutes, 1-, 4- and 8-hours, respectively. 
The motion failed (YES:8; NO: 6; Abstain:1) (Appendix G).  A new endpoint was considered in
which the AEGL-2 values were based on the concentration (100 ppm) of piperidine that had no
effect on CNS, but caused some irritation (nasal crusts) within a 6-hour exposure duration. 
Uncertainty factors and the time-scaling procedure were the same as described for derivation of
AEGL-1 values.  A motion was made by Richard Thomas and seconded by John Hinz to accept
the new set of AEGL-2 values: 50, 50, 33, 13, and 8.3 for 10 and 30 minutes and 1, 4 and 8 hours,
respectively.  The motion passed (YES:11; NO: 2; Abstain:2) (Appendix G).

The AEGL-3 values were based on the LC01 calculated from 4-hour lethality data in rats.  The
LC01 of 448 ppm for a  4-hour exposure is lower than the lowest concentration that caused one
death among 20 rats (5% lethality) and higher than the concentration that caused no deaths or
clinical signs indicative of death.  Uncertainty factors of 3 for interspecies sensitivity and 3 for
intraspecies variability (total UF = 10) were applied to the LC01.  The data for comparing species
sensitivity to lethal concentrations of piperidine are very scarce.  The reported LC50 values for 4-
hour exposures was 5996 mg/m3 for the mouse and  4800 mg/m3 for the rat, which is only 20%
lower than that for the mouse.  These data support an uncertainty factor for interspecies
sensitivity of 3.  The uncertainty factor for intraspecies variability is 3, because an uncertainty
factor of 10 would produce AEGL values for 1, 4, and 8 hours lower than the irritation threshold
of 26 ppm.  The time scaling procedure was the same as described for AEGL-1.  It was proposed
by George Alexeeff and seconded by John Hinz to adopt the proposed AEGL-3 values of 370,
180, 110, 45, and 28 ppm for 10 and 30-minutes and 1, 4 and 8 hours, respectively.  The motion
carried (YES:13; NO: 0; Abstain: 2) (Appendix G). 

 Proposed AEGL Values for Piperidine (ppm)

Classification 10 minutes 30 minutes 1 hour 4 hours 8 hours Endpoint/ Reference

AEGL-1 
(Nondisabling)

10 10 6.6 2.6 1.7 nasal irritation/ 
BASF, 1990

AEGL-2 
(Disabling)

50 50 33 13 8.3 nasal irritation, signs of eye
irritation, salivation  /BASF, 1990

AEGL-3 
(Lethal)

370 180 110 45 28 threshold for lethality/ BASF, 1980

The level of distinct odor awareness under field conditions (LOA) for piperidine, based on an
OT50 of 0.37 ppm is 5.7775 or 5.8 ppm and the estimated 10 and 90 percent population response
values are 1.127 or 1.1 ppm and 29.6176 or 30 ppm.  A motion was made by Richard Thomas and
seconded by Nancy Kim to accept this value and population response estimates for piperidine. 
The motion carried (YES:12; NO: 1; Abstain:2) (Appendix G).

REVIEW of PRIORITY CHEMICALS
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Carbon Disulfide
CAS Reg. No. 75-15-0

Chemical Manager: George Rodgers, AAPCC
Staff Scientist: Jens-Uwe Voss, Germany

The chemical review on carbon disulfide (CS2) was presented by Jens-Uwe Voss (Attachment 12).
AEGL-1 and AEGL-3 values had already been derived in September 2002 (NAC/AEGL-26). The
derivation of AEGL-3 was based on data from a study (Du Pont 1966) that was available from
secondary sources at that time.  Therefore, it was noted at the meeting that the original study is
necessary to check the acceptability of the data.  The original study was provided by Du Pont and
the acceptability was confirmed.

With respect to possible AEGL-2 relevance, effects on the central nervous system (CNS) and
effects on the developing embryo/fetus were discussed.  Developmental effects (malformations)
were observed in animal studies with repeated administration of carbon disulfide for at least one
third of the whole gestational period, but no developmental toxicity study with a single exposure
was available.  The data base was inconsistent as effects reported in Yang et al. 1993 (abstract)
and in Tabacova et al. 1978 were not seen in several other studies at higher exposure levels (e.g.
Saillenfait et al. 1989).  Carbon disulfide reacts with the NH2-group of endogenous compounds
(e.g., amino acids) forming dithiocarbamates.  Since some dithiocarbamate chemicals are
reproductive and/or developmental toxins in animals, it was discussed whether endogenously
formed dithiocarbamates could play a role in the occurrence of developmental effects following
carbon disulfide exposure.  Although this cannot be ruled out, it has to be taken into account that
while carbon disulfide itself is rapidly eliminated from the body after ceasing exposure, the so-
called “acid-labile” pool of bound carbon disulfide containing thiocarbamates has a long half-life
and increases with daily repeated exposures.  Therefore, it is unclear whether developmental
effects observed after repeated exposure to carbon disulfide are of relevance for single acute
exposures.  For the reasons noted above, it was agreed that developmental effects should not be
used for the derivation of AEGL-2 values for carbon disulfide. 

Regarding effects on the CNS, a single exposure of rats for 4 hours to 2000 ppm led to an
inhibition of the escape response (pole climbing in response to a buzzer to avoid electrical shock);
no such effect was seen at 1000 ppm (NOAEL).  This concentration was used as a starting point to
derive AEGL-2 values.  A total uncertainty factor of 10 was applied.  The interspecies uncertainty
factor was reduced to 3 based on the similarity of acute effects on the CNS produced by CNS-
depressing agents in rodents and humans.  Moreover, use of a default interspecies uncertainty
factor of 10 would have resulted in values which are contradicted by experimental human studies
in which no serious or escape-impairing effects were reported during or following 6-8 hours of
exposure to 80 ppm.  An intraspecies uncertainty factor of 3 was applied to account for sensitive
individuals because the threshold for CNS impairment is not expected to vary much among indi-
viduals.  Time scaling was performed according to the equation Cn x t = k, using the default of n =
3 for shorter exposure periods (30 minutes and 1 hour) and n = 1 for longer exposure periods (8
hours), due to the lack of suitable experimental data for deriving the concentration exponent.  For
the 10-minute AEGL-3 the 30-minute value was used because the derivation of AEGL-3 values
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was based on a long experimental exposure period and no supporting studies using short exposure
periods were available for characterizing the concentration-time-response.  A motion was made by
John Hinz and seconded by George Rodgers to adopt the proposed AEGL-2 values for carbon
disulfide for 10 minutes to 8 hours of 200, 200, 160, 100, and 50 ppm, respectively.  The motion
passed (YES: 16; NO: 2; Abstain:0) (Appendix H).

Regarding odor annoyance, no study was available that could be used to derive a level of distinct
odor awareness (LOA).  The odor of carbon disulfide depends on the purity of the compound.
Purest carbon disulfide has a chloroform-like pleasant smell.  However, due to decomposition
products, commercially available carbon disulfide typically has an unpleasant repulsive odor of
decaying radish.  The quality and intensity of the odor will vary with the amount of these
decomposition products that are rapidly formed by the exposure of carbon disulfide to light and
air. A motion was made by Thomas Hornshaw and seconded by John Hinz that a LOA should not
be derived.  The motion passed unanimously  (YES: 17; NO: 0; Abstain: 0) (Appendix H). 

Summary of AEGL Values For Carbon Disulfide [ppm]

Classification 10-min 30-min 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL-1
(Nondisabling)

5.0 5.0 4.0 2.5 2.0 Increase in blood acetaldehyde in
humans with moderate intake of
alcohol (Freundt et al. 1976b)

AEGL-2
(Disabling)

200 200 160 100 50 Inhibition of escape response in
behavioral study in rats (Goldberg et
al. 1964)

AEGL-3
(Lethal)

600 600 480 300 150 Lethality in rats after 4 hours (0/6 at
3000 ppm; 6/6 at 3500 ppm) (Du
Pont 1966)

Formaldehyde
CAS Reg. No. 50-00-0

Chemical Manager: Mark McClanahan, CDC
Staff Scientist: Sylvia Talmage, ORNL

Sylvia Talmage reviewed the data base on formaldehyde (Attachment 13).  There were approximately
22 studies with human subjects involving controlled exposures.  The data base on animal studies
involving acute exposures is less robust.  Because formaldehyde is a carcinogen in the rat, most animal
studies involved chronic exposures.  The discussions for each AEGL level were long and covered
ranges of topics including the threshold for sensory irritation, the range of variability in the population,
and formaldehyde-induced sensory irritation in mobile homes.

Initially, AEGL-3 values of 127, 88, 70, 35, and 18 ppm for the 10-minute through 8-hour exposure
durations, respectively, were proposed.  The basis was no deaths in rats exposed to 350 ppm for 4
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hours (Nagorny et al. 1979).  Interspecies and intraspecies uncertainty factors of 3 each for a total of
10 were used.  No data on time-scaling were available so the default n values of 3 and 1 were applied.
It was moved by Richard Thomas and seconded by Steve Barbee to accept these values.  Later, during
a discussion of a proposed AEGL-2 value of 13.8 ppm across time, it was noted that the 8-hour
AEGL-3 value might be too similar to the AEGL-2 value.  Therefore, the original AEGL-3 values
were withdrawn and new numbers were proposed.  It was decided to use the two LC50 values for the
rat (from two different studies) to derive an n value of 3.9.  The 350 ppm value was divided by a total
uncertainty factor of 10 and time scaled using n = 3.9.  The resulting values were 79, 60, 50, 35, and
29 ppm for the 10-minute through 8-hour exposure durations, respectively.  It was moved by Richard
Thomas and seconded by Steve Barbee to accept these values.  The motion passed (YES: 17; NO: 1;
Abstain: 0) (Appendix I).

The proposed AEGL-2 value of 8 ppm across time was discussed (as were values based on other
studies), but rejected by the NAC in favor of a 30-minute exposure of human subjects to 13.8 ppm
(Sim and Pattle 1957).  The endpoint was nasal and eye irritation with mild lacrimation; there was
adaptation to the eye irritation.  It was moved by John Hinz and seconded by Richard Thomas to adopt
14 ppm (rounded up from 13.8 ppm) for all time points.  The motion passed (YES: 14; NO: 2;
Abstain: 2) (Appendix I).  Animal cancer studies with chronic exposures to 14 ppm would be used as
support.  The Douglas (1974) study with exposures to 8 and 13 ppm via goggles and a mouthpiece was
to be located to see if it would be relevant as a support document (only an abstract was available at
the present time).  

An AEGL-1 of 1 ppm for all time points, based on the weight-of-evidence from multiple studies was
initially proposed.  It was moved by George Rodgers and seconded by Ernie Falke to accept this value.
The motion failed (YES: 8; NO: 9; Abstain:1)(Appendix I).  It was then moved by Bob Benson and
seconded by Marinelle Payton to use 0.4 ppm across all time points.  This value was reported as
irritating in two of the many human studies.  Other studies showed more severe irritation at higher
exposures.  The motion passed (YES: 13; NO: 3; Abstain: 1) (Appendix I). 

Summary of AEGL Values for Formaldehyde

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1a 0.40 ppm 0.40 ppm 0.40 ppm 0.40 ppm 0.40 ppm Eye irritation and rhinitis -
humans (Pazdrak et al. 1993;
Krakowiak et al. 1998)

AEGL–2 14 ppm 14 ppm 14 ppm 14 ppm 14 ppm Mild lacrimation with
adaptation (Sim and Pattle
1957)

AEGL–3 79 ppm 60 ppm 50 ppm 35 ppm 29 ppm Highest non-lethal value - rat
(Nagorny et al. 1979)

Acetone
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CAS Reg. No. 67-64-1

Chemical Manager: Mark McClanahan, CDC
Staff Scientist: Jens-Uwe Voss/Gerhard Rosner, Germany

The chemical review on acetone was presented by Jens-Uwe Voss (Attachment 14).  Acetone is
the most widely used ketone in industry.  In 1994, worldwide production capacity was about 3.8
million tonnes.  Acetone is used primarily as a solvent and to synthesize methacrylates, bisphenol
A, and other ketones.  Owing to its high volatility and flammability (explosive limits in air, lower:
2.6 %, upper: 12.8 % v/v), acetone poses an acute fire and explosion hazard.

In humans and other mammalians, acetone is a minor metabolite of normal intermediary
metabolism.  Consequently, small quantities may occur in exhaled air. Endogenous acetone
formation is closely linked with ketogenesis in the catabolism of body fat.  Concentrations above
normal levels in body tissues build up during fasting and especially in diabetic patients in the
ketoacidotic state.

The primary effects in humans are irritation and effects on the central nervous system (CNS). 
CNS effects are also observed in animals following acute inhalation exposure.  Acetone is not
genotoxic in vitro and in vivo.  Carcinogenicity studies are lacking, but dermal carcinogenicity
studies in which acetone is used as vehicle control did not provide evidence of tumorgenic activity. 
 Isopropanol which is primarily metabolized to acetone in mammals was not considered
carcinogenic in a two-year inhalation carcinogenicity study with rats.  In developmental toxicity
studies with repeated exposure, reduced maternal and fetal weight was observed but the incidence
of malformations was not significantly increased. 

The AEGL-1 derivation is based on observations in four studies with human volunteers exposed
for 3-5 minutes (Nelson et al. 1943), 2 hours (Ernstgard et al. 1999), 6 hours (Matsushita et al.
1979a) and 7.5 hours (Stewart et al. 1975).  At 200 ppm, subjective symptoms (feeling of
eye/throat irritation) were not reported more often than in controls (Stewart et al. 1975).  At
250 ppm, no irritative symptoms on mucous membranes or effects on the CNS were observed in
one study (Ernstgard et al. 1999); in a second study, slight irritation and subjective discomfort
(feeling of tension, general weakness, heavy eyes, lacking in energy) was felt at 250 ppm, and
these subjective symptoms were felt by most volunteers at 500 ppm and 1000 ppm (Matsushita et
al. 1969a).  Slight feeling of irritation at 300 ppm and subjective irritation in the majority of
exposed volunteers at 500 ppm were reported in a further study (Nelson et al. 1943).  Therefore,
200 ppm were selected to derive AEGL-1. Because this concentration represents a NOAEL for
local effects and effects at higher concentrations were weak, an intraspecies factor of 1 was
applied.  The value of 200 ppm was used for all time points since accommodation to slight
irritation occurs and the complaints about subjective discomfort at higher concentrations were
reported not to increase during 6 hour or 7.5 hour exposure.  A motion was made by Nancy Kim
and seconded by Tom Hornshaw  to adopt 200 ppm as AEGL-1 for all time points.  The motion
passed unanimously (YES: 18; NO: 0; Abstain: 0) (Appendix J).
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The AEGL-2 is based on the NOAEL for ataxia in rats following exposure to 6000 ppm acetone
for 4 hours (Goldberg et al. 1964).  At the next higher concentration of 12,000 ppm, reversible
ataxia was observed.  Reversible ataxia also was observed in another study at exposure of rats to
12,600 ppm for 3 hours, but a no-effect level was not determined in that study (Bruckner and
Peterson 1981a).  A total uncertainty factor of 4.2 was applied.   An intraspecies uncertainty factor
of 4.2 was applied to account for sensitive individuals.  This substance-specific factor was derived
from a study with rats of different ages in which it was observed that the lethal dose of acetone via
intraperitoneal injection was 4.2-fold lower in newborn than in adult rats (Kimura et al. 1971). 
Additionally, in humans it is consistently observed for volatile anesthetics that newborns are the
most sensitive age group (NRC 2001).   An interspecies factor of 1 was used: toxicokinetic studies
show that following inhalation the concentration of acetone in blood is similar or lower in humans
than in rats.  Furthermore, with respect to toxicodynamics, effects of substances such as acetone
that are non-specific acute CNS-depressants in general do not show much variation between
species.  Finally, an interspecies factor of 3 which is often used in the derivation of AEGLs for
CNS-depressant volatile solvents like acetone would (together with an intraspecies factor of 4.2)
have resulted in AEGL-2 values of 480 ppm for 4 hours and of 320 ppm for 8 hours.  These values
are not supported by data from controlled human studies in which higher exposures for up to 7.5
hours resulted in irritation and slight headaches but no more severe effects.   Furthermore,
available toxicokinetic data for humans show that an exposure to such concentrations would lead
to acetone concentrations in blood below 50 mg/L.  Such concentrations are still in the
physiological range which can be observed in healthy fasting humans.  A substance specific
intraspecies uncertainty factor of 4.2  was applied to account for sensitive individuals.  The
experimentally derived exposure values were scaled to AEGL time frames using the equation
cn x t = k with n = 1.7 as outlined below for AEGL-3.  A motion was made by Richard Thomas
and seconded by John Hinz to adopt AEGL-2 values for acetone for 10 min., 30 min., 1 h, 4 h, and
8 h of 9300, 4900, 3200, 1400, and 950 ppm, respectively.  The motion passed (YES: 15; NO: 1;
Abstain: 1) (Appendix J).

The AEGL-3 is based on a study in rats in which no deaths of animals occurred at exposure to
12,600 ppm for 3 hours (Bruckner and Peterson 1981a).  In that study, also no deaths were
observed in animals exposed to 19,000 and 25,300 ppm, but since 1 of 6 animals died at
16,000 ppm in another study (Smyth et al. 1962), the findings at 12,600 ppm exposure for 3 hours
were taken as basis for the derivation of AEGL-3.  A total uncertainty factor of 4.2 was applied.
An interspecies uncertainty factor of 1 was used because the same toxic effects (CNS-depression)
which are relevant for AEGL-2 are also relevant in case of AEGL-3.  The experimentally derived
exposure values were scaled to AEGL time frames using the equation cn x t = k with a value of n =
1.7 that was derived by extrapolation from 4-hour and 8-hour LC50 data (Pozzani et al. 1959).  A
motion was made by John Hinz and seconded by Tom Hornshaw  to adopt AEGL-2 values for
acetone for 10 min., 30 min., 1 h, 4 h, and 8 h of 16000, 8600, 5700, 2500, and 1700 ppm,
respectively.  The motion passed (YES: 16; NO: 2; Abstain: 0) (Appendix J).

The AEGL-2 values for 10 minutes, 30 minutes and 1 hour and the AEGL-3 values for 30 minutes,
1 hour and 4 hours are higher than 1/10 of the lower explosive limit (LEL) of acetone in air.  The
AEGL-3 value for 10 minutes is higher than 1/2 of the LEL of acetone in air.  It was discussed and
proposed to mark values higher than 1/10 of the LEL by an asterisk and to indicate in a footnote
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that safety considerations against hazard of explosion must be taken into account at these levels.  
Similarly, it was proposed to replace values higher than 1/2 of the LEL in the table by a remark
„see below“ and to present the value in a footnote together with a note that extreme safety
considerations against hazard of explosion must be taken into account at these levels.  Both
proposals were accepted by specific count of hands for or against not recorded.

As additional information for emergency responders, a level of distinct odor awareness (LOA) was
derived.  The LOA is based on a median odor detection threshold of 41 ppm (Wysocki et al. 1997)
and a threshold of 0.16 ppm for the reference chemical n-butanol in the same study.  Wysocki et
al. (1997) reported that no correlation was observed between acetone and n-butanol olfactory
thresholds in that study.  However, since the reference odor threshold of 0.04 ppm for n-butanol is
based on a large number of data, it was discussed to use a corrected odor threshold of 41 x
(0.04/0.16) ppm.  Using a default factor of 16, a LOA of 170 ppm was calculated.  A motion was
made by Richard Thomas and seconded by John Hinz to adopt a LOA of 170 ppm provided that no
objection will be made by Mark Ruijten who will be asked as an expert for the calculation of odor
values.  The motion passed unanimously (YES:17; NO: 0; Abstain:0) (Appendix J).  

SUMMARY TABLE OF AEGL VALUES FOR ACETONE [ppm] a

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)
AEGL-1 200 200 200 200 200  NOAEL for slight irritation

(Ernstgard et al. 1999;
Matsushita et al., 1969a;
Nelson et al. 1943; Stewart et
al. 1975)

AEGL-2 9,300* 4,900* 3,200* 1,400 950 Ataxia in rats (Bruckner and
Petersen 1981a; Goldberg et al.
1964)

AEGL-3 see below # 8,600* 5,700* 2500* 1,700 No lethality in rats (Bruckner
and Petersen 1981a; Smyth et
al. 1962)

a: Cutaneous absorption of liquid acetone may occur. Since liquid acetone is an eye irritant, eye contact must be
avoided.
#: The AEGL-3 value of 16,000 ppm (39,000 mg/m³) for 10 minutes is higher than 50 % of the lower explosive limit
of acetone in air (2.6 % = 26,000 ppm). Therefore, extreme safety considerations against the hazard of explosion must
be taken into account.
*: Concentrations are higher than 1/10 of the lower explosive limit of acetone in air (2.6 % = 26,000 ppm). Therefore,
safety considerations against the hazard of explosion must be taken into account.
Level of distinct odor awareness: 170 ppm (Odor detection threshold in humans; Wysocki et al. 1997).

Vinyl Chloride
CAS Reg. NO. 75-01-4

Chemical Manager: Bob Benson, EPA
Staff Scientist: Fritz Kalberlah, Germany
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Susan Ripple, liaison for the American Chemistry Council to the NAC/AEGL fulfilled the request
to provide insight on the issue of whether headaches in a few individuals can be attributed to vinyl
chloride exposure (Attachment 15).  Susan Ripple  pointed out that there are 3 studies: Lester et al.
1963, Baretta et al. 1969, and further supported by Patty et al. 1930.  These three studies found that
at least some individuals developed headaches that lasted only 30 minutes at higher exposure-
levels.   This is consistent with anecdotal information from industry assessments.  A detailed
explanation of the carcinogenicity issue was presented, providing numbers of exposed workers in
the cohort studies by Ward et al. 2000 and Mundt et al. 1999.  Overall, there were 12,700 subjects
in the vinyl chloride cohort study by Ward, with an SMR of 62 in 10,961 workers of less than 3
years exposure that developed liver cancer (ASL).  Another way to look at these values is to
calculate the ppm.years, where the ASL incidence in the unknown exposure population was 67,
and for 1-734 ppm.years was an SMR of 107.  Mundt likewise was presented in terms of length of
exposure, with an SMR of 83 incidence of ASLs in the 1-4-year exposure time frame.  The
discussion of higher sensitivity in young and newborn rats as a possible cancer risk assessment
approach was presented as highly uncertain as the studies by Maltoni et al. 1981 had study-design
and reporting flaws.
Chemical Manager, Bob Benson, responded to Susan Ripple’s comments on the derivation of
AEGL-1, AEGL-2, and the cancer assessment.  For AEGL-2 Susan Ripple suggested that the NAC
consider using a higher exposure (16,000 ppm for 5 minutes) from Lester et al. (1963) as the
starting point for the derivation.  Bob Benson later indicated that the effects observed at this
exposure (dizziness, light headedness, some nausea, and dulling of visual and auditory cues) were
beyond the “threshold” for effects meeting the definition of AEGL-2.   The NAC/AEGL used the
next lower exposure of 12,000 ppm exposure as the equivalent of the “threshold” for effects that
would impair the ability to escape and there was no need to reconsider this decision.  For AEGL-1
Susan Ripple suggested that the NAC/AEGL consider using the same study and exposure as
originally used (Baretta et al., 1969) but use 7 hours as the exposure duration.  The justification
was based on the fact that the original study did not make clear whether the headache occurred
during the first 3.5 hours or the subsequent 3.5 hours of exposure.  Bob Benson later responded
and agreed that the wording in the publication did not make it absolutely clear when the headaches
occurred but a reasonable interpretation of the text was that headache occurred in some individuals
during both exposures.  The wording in the text is “The only complaints were those of two
subjects who reported mild headache and some dryness of their eyes and nose during the 500 ppm
exposure experiments.”  A logical interpretation is that the authors consider there were two
experiments - one with an exposure duration of 3.5 hours, and the other with an exposure duration
of 7.5 hours (3.5 hours, a break of 0.5 hours, and then additional exposure of 3.5 hours) - and that
headache was noted by two individuals during both exposures.  Therefore it was logical to use 3.5
hours as the time required for headache as the NAC/AEGL had previously done.   Therefore, there
was no need to reconsider this decision.  Susan Ripple also presented a discussion of another
epidemiological study of workers exposed to vinyl chloride and occurrence of cancer (Ward et al.,
2000).  There appeared to be no increase in cancer following short term exposure.  However, it
was not clear whether actual exposure to VC was known.  Susan Ripple agreed to provide a brief
summary of this information for inclusion in the Technical Support Document.

Fritz Kalberlah presented a discussion of the cancer assessment (Attachment 16).  The appendix
included a cancer calculation for continuous lifetime exposure using the default procedure in the
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SOP; a cancer calculation based on childhood exposure using the unit risk estimate for childhood
exposure derived by EPA; a cancer calculation based on derivation of a unit risk estimate from a
five-week animal study from Maltoni et al. (1981); and a calculation based on the occurrence of
DNA adducts after a single in vivo exposure of adult animals.  There was considerable discussion
about these calculations and how best to draw attention to the calculations in the Executive
Summary of the Technical Support Document.  Bob Benson and Fritz Kalberlah agreed to
consider various alternatives and present these at a future NAC/AEGL meeting.  The NAC/AEGL
also requested that information on transplacental carcinogenicity be added to the document.

Hydrogen Bromide
CAS Reg. No. 10035-10-6

Chemical Manager: Larry Gephart
Staff Scientist: Sylvia Talmage, ORNL

Sylvia Talmage reviewed the sparse data base for hydrogen bromide (Attachment 17).  The
AEGL-1 was based on the only available clinical study in which subjects were exposed to
concentrations between 2 and 6 ppm for short periods of time (Conn. Dept. of Health 1955).  3
ppm was the NOAEL for notable discomfort as evidenced by nose and throat irritation (assumed to
be slight) in 1 of 6 subjects.  The 3 ppm value was divided by an intraspecies uncertainty factor of
3.  No time scaling was applied because adaptation occurs to the slight irritation that defines the
AEGL-1.  It was moved by John Hinz and seconded by Nancy Kim to accept the AEGL-1 value. 
The motion passed (YES: 16; NO: 0; Abstain: 0) (Appendix K).

In the absence of chemical-specific data, it was proposed that the HBr AEGL-2 values be based on
a structure-activity relationship with other hydrogen halides.  The proposal to base the HBr AEGL-
2 on hydrogen fluoride (HF) was rejected in favor of basing the values on the more chemically
similar hydrogen chloride (HCl).  It was moved by Mark McClanahan and seconded by Nancy
Kim to accept the HCl values for the 10-minute to 8-hour time periods of 100, 43, 22, 11, and 11. 
The motion passed (YES: 15; NO: 0; ABSTAIN: 0) (Appendix K).  

In response to earlier Committee suggestions, the benchmark concentration approach was used to
develop AEGL-3 values.  One-hour rat lethality data generated by MacEwen and Vernot (1972)
were used.  The BMCL01 was suggested, but this suggestion was rejected in favor of the BMCL05
(the BMCL05 is the suggested approach in the SOPs).  After much discussion it was moved by
Ernie Falke and seconded by John Hinz to accept the BMCL05 values of 740, 250, 120, 31, and 31
ppm.  The 4-hour and 8-hour values were set equal as was done for HCl and HF, because all of
these hydrogen halides are well scrubbed at lower concentrations.  The motion passed (YES: 16;
NO: 0; ABSTAIN: 0) (Appendix K).  
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SUMMARY OF AEGL VALUES FOR HYDROGEN BROMIDE (ppm)

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint

AEGL–1 1 1 1 1 1 NOAEL for notable
discomfort - humans

AEGL–2 100 43 22 11 11 Analogy with hydrogen
chloride

AEGL–3 740 250 120 31 31 Benchmark concentration 
- rat lethality data

Boron Trifluoride
CAS Reg. No. 353-42-4

Chemical Manager: George Rusch, Honeywell 
Staff Scientist: Claudia Troxel, ORNL

Experimental data will be available in later part of the year; then the TSD will be revisited
accordingly.

Titanum tetrachloride
CAS Reg. No. 7550-45-0

Chemical Manager: Tom Hornshaw, Illinois EPA 
Staff Scientist: Claudia Troxel, ORNL

The chemical review was presented by Claudia Troxel (Attachment 18).  The AEGL-3 values were
based on one-third of the rat LC50 values reported by Kelly (1980).  The adjusted, empirical values
(1/3 of the values) for the 30, 60, and 240-minute exposure durations were used for the respective
AEGL time points.  Using an n=0.88, the adjusted, 15-minute LC50 value was used to extrapolate
to 10 minutes, while the adjusted 240-minute LC50 value was used to extrapolate to 480 minutes. 
A total uncertainty factor of 10 was applied to be consistent with available toxicity data.  A motion
was made by Loren Koller and seconded by Richard Thomas to adopt the proposed AEGL-3
values. The motion passed unanimously (YES: 17; NO: 0; Abstain: 0) (Appendix L).

The AEGL-2 was based on the exposure concentration of 1.3 ppm titanium tetrachloride for 6
hours/day, 5 days/week for 4 weeks (Kelly, 1979).  Although no clinical signs were observed at
this concentration, using the next higher exposure concentration of 6.5 ppm for 6 hours/day, 5
days/week for 4 weeks (Kelly, 1979) results in values approaching the lethality threshold.  A total
uncertainty factor of 10 was applied to be consistent with available toxicity data.  The value was
then scaled across time using the derived value of n=0.88.  The 10-minute value was initially set
equal to the 30-minute value because the NAC considers it inappropriate to extrapolate from an
exposure duration of 6 hours to 10 minutes.  A motion was made by Loren Koller and seconded by
Richard Thomas to adopt the proposed AEGL-2 values. However, it was brought out at the end of
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the meeting that the AEGL-2 starting value could be scaled to the 10-minute time-period because
the derived value of n used time points encompassing that particular time point.  Therefore, the
motion was amended so that the 10-minute AEGL-2 value would now be 7.6 ppm (instead of 2.2
ppm) following scaling across time.  The motion passed (YES:17; NO: 0; Abstain: 0) (Appendix
L). 

No acute toxicity data relevant to the definition of an AEGL-1 endpoint are available.  Therefore,
the 0.7 ppm exposure for 6 hours/day was used to provide a general baseline of an exposure
concentration at which no one should experience notable discomfort, irritation, or certain
asymptomatic, non-sensory effects.  A total uncertainty factor of 10 was applied (3 for interspecies
and 3 for intraspecies) because the endpoint selected is below the endpoint defined for the AEGL-
1 tier and because the study was a multiple exposure study.  The value, 0.070 ppm,  was then set
equal across time.  A motion was made by Loren Koller and seconded by Richard Thomas to
adopt the proposed AEGL-1 values. The motion passed (YES:16; NO: 0; Abstain:0) (Appendix L).

Because titanium tetrachloride forms an aerosol upon contact with moist air, the AEGL values
should be presented only in terms of mg/m3, as was done for the chemical boron trifluoride.

Summary of Proposed AEGL Values for Name of Titanium Tetrachloride [mg/m3]

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1
(Nondisabling)

0.54 0.54 0.54 0.54 0.54 No clinical signs observed
in rats exposed to 0.7 ppm
for 6 h/d, 5 d/wk for 4 wks
(Kelly, 1979)

AEGL–2
(Disabling) 59 17 7.8 1.6 0.73

Exposure of rats to 1.3
ppm for 6 h/d, 5 d/wk for
4 wks resulted in no
clinical signs, but next
exposure level approaches
lethality threshold (Kelly,
1979)

AEGL–3
(Lethal) 290 100 44 16 7.1

One-third the rat LC50
values (Kelly, 1980)

Administrative  Matters
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The site and time of the next meeting, NAC/AEGL-29, was decided to be June 17-19, 2003 in
Washington. D.C.  The date for NAC/AEGL-30 has been set tentatively as September 16-18, 2003
in Washington, D.C.  The NAC/AEGL-31 has two options (1) early December in San Antonio or
(2) Dec. 15-17, 2003 in Washington, D. C.  More information regarding the NAC/AEGL-29 hotel
information will be coming from Po-Yung Lu as soon as the arrangement is made.

All items in the agenda were discussed as thoroughly as the time permitted.  The meeting
highlights were prepared by Po-Yung Lu and Sylvia Talmage, Oak Ridge National Laboratory,
with input from the respective Chemical Managers, authors, and other contributors.
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LIST OF ATTACHMENTS

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.
AAttachment 1.  Status update from EPA on Human Subject Studies
Attachment 2.  Excerpt from SOP on selection of Human Studies for TSD Preparation
Attachment 3.  NAC/AEGL-27 Meeting Agenda
Attachment 4.  NAC/AEGL-27 Attendee List 
Attachment 5.  Status Report of Category V chemicals: Critical Health Effect Starting Points  for    

            AEGL Determination: LOAEL vs. NOAEL
Attachment 6.  Basic Occupational Exposure Assessment  
Attachment 7.  Proposal of Information Be Included in Exposure Assessment of TSDs      
Attachment 8.  Application of Acute Exposure Guideline Levels
Attachment 9.  Data Analysis of Iron pentacarbonyl 
Attachment 10.  Data Analysis of Ethyleneimine and Propylenimine
Attachment 11.  Data Analysis of Piperidine 
Attachment 12.  Data Analysis of Carbon Disulfide
Attachment 13.  Data Analysis of Formaldehyde
Attachment 14.  Data Analysis of Acetone
Attachment 15.  Data Analysis of Vinyl Chloride, ACC, Susan Ripple
Attachment 16.  Data Analysis of Vinyl Chloride, Fritz Kalberlah
Attachment 17.  Data Analysis of Hydrogen Bromide 
Attachment 18.  Data Analysis of Titanium Tetrachloride

LIST OF APPENDICES 

Appendix A.  Revised meeting highlights of NAC/AEGL-26 (sent to NAC/AEGL on 3/28/2003      
                       by E-mail).
Appendix B.  Ballot for Acceptance of the Status Report of NOAEL vs LOAEL (March 3, 2003)
Appendix C.  Ballot for Acceptance of Occupational Exposure Measurement Information                
                       (proposals: 1 and 2).
Appendix D.  Ballot for Iron Pentacarbonyl
Appendix E.   Ballot for Iron Pentacarbonyl
Appendix F.   Ballot for Ethyleneimine
Appendix G.  Ballot for Piperidine
Appendix H.  Ballot for Carbon Disulfide
Appendix I.   Ballot for Formaldehyde
Appendix J.   Ballot for Acetone
Appendix K.  Ballot for Hydrogen Bromide
Appendix L.  Ballot for Titanium Tetrachloride
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                                                                                      Appendix A

National Advisory Committee (NAC)
for Acute Exposure Guideline Levels (AEGLs) for Hazardous Substances

December 9-11, 2002

Final Meeting-27 Highlights 
Bureau of Labor Statistics, U.S. Department of Labor

Postal Square Building, G-440, Rm. 7-8
2 Massachusetts Avenue, N.E., Washington D.C. 20212

INTRODUCTION

George Rusch, NAC/AEGL Chair, opened the meeting with brief remarks including appreciation
to Surender Ahir, OSHA representative,  for his excellent efforts in making arrangements for the
NAC/AEGL-27 meeting.   He also briefly noted the absence of Roger Garrett, AEGL Program
Director, due to illness.

George Rusch made remarks on the productive working history with John Henshaw, Assistant
Secretary, OSHA/DOL, who is involved in the Emergency Response Planning Committee. 
Today, John was regrettably not able to be here and Davis Layne, Deputy Assistant Secretary,
OSHA/DOL, welcomed the NAC/AEGL Committee.   Davis Layne stated that OSHA mostly
utilizes data from chronic studies; there are a few OSHA regulations that utilize acute toxicity
data as well.  For example, OSHA uses IDLH values under its confined space regulation and
acute toxicity data to classify various hazardous substances under the Hazard Communication
Standard.   OSHA appreciates any guidance given to the workers based on scientifically sound
principles. 

The draft NAC/AEGL-26 meeting highlights were reviewed with one minor change to update the
current affiliation of Pam Dalton.   A motion was made by Mark McClanahan and seconded by
George Rodgers to accept the meeting highlights as presented with the aforementioned revision.  
The motion passed unanimously by a voice vote.   The final version of the NAC/AEGL-26
meeting highlights are attached (Appendix A) and was distributed to the NAC/AEGL by e-mail
on  December 26, 2002.  

The highlights of the NAC/AEGL-27 meeting are summarized below along with the Meeting
Agenda (Attachment 1) and the Attendee List (Attachment 2).  The subject categories of the
highlights do not necessarily follow the order listed in the NAC/AEGL-27 Agenda.
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STATUS  REPORTS

NRC/COT  Publication

Ernie Falke reported that AEGL Volume 2 was published in October 2002; complementary
copies were mailed to all NAC/AEGL members.  Volume 3 which includes Nerve agents 
(GA, GB, GD, GF, and VX), Sulfur mustard, Diborane, and Methyl isocyanate is at the stage of
COT external review.  It is expected to be published by early spring of 2003.   Upon complete
analyses of the COT 8th Interim Report, we may have another publication.

   Critical Health Effects Starting Points for AEGL Determination: LOAEL vs NOAEL

George Rusch solicited comments from the Committee with respect to the Summary of Category
V Chemicals distributed by Po-Yung Lu prior to the meeting (Attachment 3).   The NAC/AEGL
accepted the Summary except George Alexeeff who had a concern on the justification of Iron
pentacarbonyl.  It was decided that George Rusch will look into the issue further and resolve the
concern.  If necessary, this chemical will be revisited at a future NAC/AEGL meeting. 

TECHNICAL  ISSUE  DISCUSSIONS

LOA Subcommittee Report
Mark McClanahan and Marc Ruijten

The AEGL Odor Subcommittee held two conference calls prior to the December NAC/AEGL-27
meeting.  The first conference call (November 7, 2002) discussed the use of the Level of Distinct
Odor Awareness (LOA). The following summarizes the recommendations (Attachment 4) from
the subcommittee:

All AEGLs should be health-based.  Odor, even as defined by the LOA, will not
serve as a surrogate for health-based values without health-based data.  The level
of distinct odor awareness will not substitute for health-based values.  Include the
LOA in the TSD as information supplementary to health-based AEGL values.  A
single value of the LOA should be presented in both the executive summary and
the TSD.  The authors should write the LOA as, “Level of Distinct Odor
Awareness,” and not as “Level of Significant Odor Awareness.” The “Level of
Distinct Odor Awareness” reported in the TSD will be based on the odor threshold
(TD50), where 50% of the odor panel detects the odor and 50% does not and has
the odor intensity of 3 (Distinct Odor).  The inclusion of the LOA within the TSD
does not preclude the use of odor descriptors such as fruity, fishy, nutty, pungent,
etc., where appropriate within the TSD.  A population-based array of the LOA will
be presented in the Appendix.  When a useful relationship to Hedonic Tone
becomes available this characteristic should also be incorporated in the definition
of the LOA reported in the TSD.  A chemical-specific development of the LOA



NAC/AEGL-27 F 3/20033

should be placed in a TSD Appendix.  A version of “Guidance for the Application
of Odor in Chemical Emergencies,” should be incorporated into the SOP.   At the
December NAC/AEGL-27 meeting, the consensus of the members was to stop
reporting odor data in Table 1. “Chemical and Physical Data” of the TSD. 

The second conference call (December 4, 2002) discussed the use of LOAEL and NOAEL for
definition of AEGL levels (Attachment 4).  

The TSD documents should be as consistent as possible in selection of the sign or
symptom chosen to define a specific AEGL level.  The TSD should present a
thorough justification of the sign/symptom chosen for a specific AEGL level.  For
AEGL-1, how do we resolve the discrepancy between the dictionary definition of
the words notable and mild ?  George Alexeef’s recent publication reported (36
chemicals) the LOAEL-to-NOAEL ratio to be:  2 at the 50th, 5 at the 90th, and 6.3
at the 95th percentile, respectively.  George Alexeef has a database listing the signs
and symptoms used to define AEGL levels obtained from completed NAS/AEGL
documents.  George will present this listing with some analysis at a future AEGL
meeting.  In some places, AEGL-1 concentrations have been proposed and used as
re-entry levels for releases for which evacuations or traffic stoppages have
occurred.  When he is able to obtain the documentation, Tom Hornshaw will report
on some estimated costs incurred when expressway traffic was halted because of a
chemical release.

Application of Ratios for Determination of AEGLs
Tom Hornshaw 

Tom Hornshaw presented a further analysis of the ratios between the AEGL-3 to AEGL-2 and
AEGL-2 to AEGL-1 values for all five time periods (originally presented in September 2002, and
summarized in the Meeting 26 highlights) (Attachment 5).  As a result of actions taken at the
September meeting, he updated his database to add values for two new chemicals, carbon
disulfide and vinyl chloride, and changed values for two original chemicals, hydrogen sulfide and
perchloromethyl mercaptan.  These updates resulted in minor changes in the statistics for the
AEGL-3-to-AEGL-2 ratios, with the mean, median, and 95th percentiles being all marginally
smaller.  In contrast, the updates to the data sets for AEGL-2-to-AEGL-1 ratios resulted in major
changes, since the new AEGL-1 values for hydrogen sulfide changed these ratios from being
extreme to “normal” outliers and the new AEGLs for carbon disulfide introduced an additional
set of outliers.  The changes include: the ratio means now have a range of 8.97–10.92 instead of 
12.3–25.5; the medians have a range of 3.32–4.63 instead of 3.19–4.13; and the 95th percentiles
have a range of 38.6–56.2 instead of 27.1–113.6.

Tom’s review of the toxicological data for the four outliers in the original analysis revealed that
in all cases the higher-level AEGL was derived from animal data and the lower-level AEGL from
human data, and the human endpoints were all neuropsychological and/or subjective in nature
(headache, nausea, irritation, odor, etc.).  He suggested that this implied that for certain chemicals
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there will be effects in humans that will not be predictable from the animal toxicity database.  The
new AEGLs for carbon disulfide shed some additional light on this suggestion.  This chemical
differs from the other four outliers in that both the AEGL-2 and AEGL-1 values are derived from
human data, with the AEGL-2 values protecting against acute neurotoxic effects and severe
irritation and the AEGL-1 values protecting against the “antabuse syndrome” caused by
genetically low activity of aldehyde dehydrogenase.  In this case, the Committee has specifically
accommodated an endpoint in humans that is not able to be addressed by animal studies in
developing the AEGL-1 values.  This adds another cautionary note regarding extrapolating from a
higher-level AEGL to derive a lower.  Tom continues to suggest that if the Committee wishes to
be protective of these types of human endpoints, a default extrapolation divisor greater than the
value of 3 used in the past is indicated in most cases.  

In an effort to further shed light on this issue, Tom reviewed the data for those chemicals for
which the NAC/AEGL has already derived AEGL-2 values from  AEGL-3 values, methyl
hydrazine, methacrylonitrile, iron pentacarbonyl, dimethylformamide, and epichlorohydrin.  He
also reviewed three additional chemicals that provided helpful information, phosphine (which has
a steep dose/response curve for lethality), and nickel carbonyl and propionitrile (which are closely
related to iron pentacarbonyl and methacrylonitrile, respectively).  This resulted in some further
insights into the issue of when to extrapolate and how large the divisor should be.  From this
review, Tom found that the steepness of the dose/response curve for lethality, toxicity data for a
closely related chemical (if available), and the presence or absence of irritation and/or
neuropsychological effects in the human record for a chemical, are key factors to help decide
whether to extrapolate from a higher-level AEGL, and what should be the appropriate divisor.  
He concluded his presentation with a few suggestions:

C A default divisor of 3 to derive AEGL-2 values from AEGL-3 values is only appropriate
when there is a very steep dose/response curve for lethality; i.e., one in which the
difference between nonlethal and 100% lethal doses is in the range of a doubling of the
dose.

C Where toxicity data consistent with AEGL-2 type effects are available for a chemical
closely related to a chemical for which AEGL-2 type data are poor or lacking, the data for
the closely related chemical should be considered in determining the divisor for
extrapolating to AEGL-2 values.

C For chemicals for which data consistent with AEGL-2 type effects are poor or lacking,
that do not have very steep dose/response curves, and that do not have closely related
chemicals to help in determining an appropriate divisor for extrapolating from AEGL-3
values, the choice of such a divisor should be made carefully, if at all.  Factors that should
be reviewed in making this choice include: the steepness of the lethality dose/response
curve, with steeper curves favoring extrapolation and shallower curves suggesting
extrapolation may not adequately protect against all AEGL-2 type effects; the presence,
with relevant exposure information, or absence of AEGL-1 type effects in the toxicity
data base, which can help guide the selection of an appropriate divisor if present and
cautions against extrapolation if absent; and the presence, with or without relevant
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exposure information, of effects in humans such as neuropsychological effects that are
not readily predictable from animal studies, which strongly suggest that if extrapolation is
desired that the divisor be relatively large and in keeping with the severity of the effects
reported.  If the database for a chemical lacks these factors or the factors argue caution in
the choice of whether to extrapolate, then a default divisor should be at least 19.  

C Since relatively large changes in the statistics for the AEGL-2-to-AEGL-1 ratios occurred
when new data for hydrogen sulfide and carbon disulfide were added, it appears that the
overall predictive power of this data set is not yet acceptable to determine an appropriate
default divisor for extrapolating from AEGL-2 values to AEGL-1 values.  There is also
no basis for extrapolation from AEGL-3 values to AEGL-1 values.

C Based on reviews of the databases for iron pentacarbonyl, methacrylonitrile, and
dimethylformamide, these chemicals should be reviewed by the Committee to determine
if the values derived for these chemicals are still thought to be protective for all AEGL-2
type effects.

Application of AEGL Values in Emergency Responses
Bob Snyder and Brian Buckly

Bob Snyder and associates from the Environmental and Occupational Health Science Institute,
Rutgers University, summarized some of the work they are doing in establishing a procedure for
emergency response to the release of chemicals or biologicals in a community.  The key to the
project is the measurement of air levels of chemicals in various areas of the community evaluated
with respect to the AEGL values for the chemical at any time.  Using the ten Berge modification
of Haber’s rule they have plotted AEGL values as continuous lines over time and demonstrated
that although the committee decides on AEGL values at 5 specific time points, an equation can be
written starting with those points which defines a line made up of many points each of which
defines an AEGL at that time.  It can be shown that during a release concentrations of the
chemical may approach and exceed the AEGL levels for that chemical suggesting a toxic
response to the chemical at the location studied.  Equations were derived to predict when specific
AEGL values will be achieved at any location.   In these studies the value of K, as in CxT=K, can
be calculated and can be interpreted as a numerical expression of a response under the conditions
of the experiment. These studies are still at an early stage and more detail will be presented as the
data develop.

 Acute Toxicity Threshold for Land Use Planning
Annick Pichard 

Annick Pichard presented the overview of ACUTEX (Attachment 6).  ACUTEX is a research
project approved by the European Commission, started in December for a duration of three years. 
The objective of ACUTEX is to develop a methodology, a soft ware tool, and a Technical
Guidance Document for establishing European Acute Exposure Threshold Levels (EU AETLs)
for acute exposure scenarios.   ACUTEX’s aims toward:
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1. Establishing a methodology, a software tool, and a Technical Guidance Document (TGD)
2. Developing EU AETLs for several chemicals as case studies according to the above TGD
3. Validating and improving the methodology by relevant case studies with end users and
stakeholders.

EU AETLs have a great influence on the determination of the zone for land use and emergency
planning.   Threshold levels for acute exposures have been defined as concentrations in the air
after accidental release which will cause different degrees of health impairment to human subjects
exposed to the air.  Air concentrations may reach to levels defined as levels, above which it is
expected that the general population could experience notable discomforts which are not
disabling and remain transient, to levels above which it is predicted that the general population
could experience life-threatening health effects or death.  The appropriate use of susceptible
subpopulations such as children, elderly, and patients with defined diseases when deriving
chemical-specific acute exposure levels is still a matter of controversy.

EU AETLs  will speed up the harmonized implementation of the Seveso II directive on the
control of major accident hazards involving dangerous substances.   Nine partners belonging to
research organizations and six European countries will participate in the work. Several innovative
ideas, such as  dose response modelling or  toxicokinetics and toxicodynamics data will be used. 
A panel of experts from government and industry will be assembled and review the progress of
the project.  

REVIEW AND RESOLUTION OF COT/AEGL COMMENTS

Chloroform
CAS Reg. No. 67-66-3

Chemical Manager: Steve Barbee, Arch Chem. Inc.
Staff Scientist: Robert Young, ORNL

Prior to Federal Register submission, the proposed chloroform AEGLs were revisited.  Robert
Young reviewed the previously proposed values and their rationale, and identified several items
in need of discussion: (1) development of 10-minute values, (2) adjustment of existing values by
use of time scaling default  n values of 1 or 3 rather than 2,  and (3) justification of developmental
toxicity as the critical effect for developing AEGL-2 values (Attachment 7).   The chloroform
AEGLs were briefly reviewed by the NRC/COT Subcommittee on AEGLs several years ago at
which time concern was informally expressed regarding the use of a developmental  toxicity
endpoint as the critical effect for AEGL-2 development.  This concern had been expressed by
several NAC/AEGL members as well.  Embryotoxicity as a possible critical effect resulting from
acute exposure to chloroform was discussed at some length.  The animal data from the key study
(Schwetz et al., 1974) were discussed in detail.  The endpoint was considered to be justified for
AEGL-2 development due to acknowledgment of this effect in previous toxicity assessments and
reviews.  The recommendation that no AEGL-1 values be developed was reaffirmed.  Ten-minute
AEGL-2 and AEGL-3 values were derived and AEGLs for all time points were recalculated using
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an n of 1 or 3 for time scaling to longer or shorter time periods, respectively.  Additionally, the
interspecies uncertainty factor of 10 previously used to develop the AEGL-3 was reduced to 3 and
justified by pharmacokinetic and pharmacodynamic data indicating that rodents are more
susceptible to chloroform-induced toxicity than are humans (this was the same justification for its
application to AEGL-2 values as originally and currently proposed).  AEGL-2 values of 120 ppm,
80 ppm, 64 ppm, 40 ppm, and 29 ppm for 10 minutes, 30 minutes, 1 hour, 4 hours, and 8 hours,
respectively were accepted.  Toxic effects more commonly associated with chloroform (e.g.,
hepatic and renal toxicity) were also taken into account in development of the AEGL-2 values. 
The AEGL-3 values (based on a 3-fold reduction of a 4-hr LC50 in rats) of 3100 ppm, 2200 ppm,
1700 ppm, 1100 ppm, and 540 ppm were also accepted.  The extrapolation to 10-minutes was
also justified by the fact that human experience data indicate that exposures as high as 22,500
ppm for approximately 30-120 minutes may be tolerated without fatal effects.  A motion was
made by Ernie Falke and seconded by Richard Niemeier to adopt the above AEGLs.   The motion
passed (YES:13 ; NO: 4; ABSTAIN: 1) (Appendix B). Revised TSD be circulated to
NAC/AEGL.  

Boron Trifluoride
CAS Reg. No. 353-42-4

Chemical Manager: George Rusch, Honeywell
Staff Scientist: Claudia Troxel, ORNL

The discussion was tabled to a later meeting because Honeywell may consider conducting a no-
effect level irritation study in responding to COT/AEGL review comments.

Chlorine Trifluoride
CAS Reg. No. 7790-91-2

Chemical Manager: Bob Benson, US EPA
Staff Scientist: Sylvia Talmage, ORNL

The TSD for chlorine trifluoride, a severe respiratory irritant, was written in 1997.  At that time the
NAC/AEGL Committee considered time scaling the AEGL-1 values for respiratory irritants. 
Based on the fact that adaptation occurs to the slight irritation on which the AEGL-1 is usually
based, the NAC/AEGL now uses the same value across all exposure durations. Therefore, the
AEGL-1 values for chlorine trifluoride were revisited to update them before sending the TSD to
the NRC/COT.    The original AEGL-1 values was were based on mild sensory irritation in the dog
during an exposure to 1.17 ppm for 3 hours.  Mild sensory irritation was considered a NOAEL for
notable discomfort which defines the AEGL-1.  This value was divided by interspecies and
intraspecies uncertainty factors of 3 each for a total of 10.  The resulting value is 0.12 ppm
(Attachment 8).  Rather than time scaling this value as was done in the original TSD, it was
proposed to use 0.12 ppm across all exposure durations.  It was moved by George Rodgers and
seconded by Richard Thomas to accept 0.12 ppm across all AEGL-1 exposure durations.  The
motion passed (YES: 14; NO: 0; Abstain: 0) (Appendix C ).  
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Toluene
CAS Reg. No. 108-88-3

Chemical Manager: Larry Gephart, Exxonmobil
Staff Scientist: Sylvia Talmage, ORNL

Sylvia Talmage discussed the review comments of the NRC/COT on toluene (Attachment 9).  The
NRC/COT basically felt that the derived interim values were inconsistent with the human data,
especially those values derived for the longer-term exposures via time-scaling.  They also
suggested adding data that shows that many solvents, including toluene, rapidly reach equilibrium
in the blood and brain, therefore, negating the need for time scaling.  Furthermore, they rejected
using the symptom of irritation as the basis for the AEGL-1 because many studies indicate that
toluene is a pleasant-smelling, non-irritating chemical.  The revised AEGL-1 was based on the
preponderance of data from clinical and occupational exposures that indicate a concentration of
200 ppm would be without an effect that exceeds the definition of an AEGL-1.  This value was
proposed for all time periods as clinical studies indicate that this concentration of toluene rapidly
reaches equilibrium in the blood and does not increase with increased exposure duration.  No
intraspecies uncertainty factor was applied as the value was based on several hundred individuals
in clinical studies and several thousand individuals in occupational exposure studies.  The motion
was made by Bob Snyder and seconded by Ernie Falke to accept 200 ppm across all exposure
durations.  The motion passed (YES:13; NO: 2; Abstain:0 ) (Appendix D).  
The revised interim AEGL-2 values were based on multiple studies that showed that exposure to
700 ppm for 20 minutes was a NOAEL for obvious central nervous system depression.  Because
equilibrium in the blood and brain may not be reached during the short exposure to this
concentration, the value was time-scaled to the 10- and 30-minute exposure durations using the
concentration:exposure duration relationship of C2 x t = k.  The n value of 2 was based on multiple
lethality studies with mice, the most sensitive species to the central nervous system effects of
toluene ( TSD dated  NAC/Draft 5: 11/2002, Section 6.3. Derivation of AEGL-2).  Based on
similarity in structure and metabolism with the xylenes, the 1-hour AEGL-2 value was time scaled
from the 30-minute value using a human pharmacokinetic model for xylene.  Because steady state
would be reached in the blood and brain within an hour, the 4- and 8-hour values were set equal to
the 1-hour value (see table on page 9).  It was moved by Bob Snyder and seconded by Ernie Falke
to accept the proposed AEGL-2 values.  The motion passed (YES: 14 ; NO: 1; Abstain: 0)
(Appendix D).

The revised interim AEGL-3 values were based on the highest NOAEL in several rat and mouse
studies.  The NOAEL for lethality of 6250 ppm for 2 hours is supported by several other studies. 
Interspecies and intraspecies uncertainty factors of 1 and 3, respectively, were considered adequate
as, in the first case, uptake is greater in small rodent species than in humans; and, in the second
case, the minimum alveolar concentration differs by no more than 3 among the human population. 
 Time scaling utilized n = 2 as above for the AEGL-2.  Because the time-scaled  8-hour value of
1000 ppm was inconsistent with the human data, the 8-hour value was set equal to the 4-hour
value.  The motion to accept the proposed values was made by Bob Snyder and seconded by Ernie
Falke.  The motion passed (YES: 11; NO: 1; Abstain: 3) (Appendix D).  
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Summary of Interim AEGL Values for Toluene [ ppm]

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint

AEGL-1 200 200 200 200 200 NOAEL for definition of
AEGL-1, multiple clinical
studies

AEGL-2 990 570 510 510 510 NOAEL for obvious central
nervous system depression
in humans

AEGL-3 7200 4200 2900 1500 1500 Highest NOAEL for
lethality in studies with rats
and mice 

REVIEW OF PRIORITY CHEMICALS FOR  AEGL VALUES

1,4-Dioxane
CAS Reg. No. 123-91-1

Chemical Manager: Jim Holler, ATSDR
Staff Scientist: Peter Griem, FoBiG

The chemical review was presented by Peter Griem (Attachment 10).  Dioxane is produced at
about 10,000 tons per year and is mainly used as a processing solvent.  The majority of the
available human and animal studies have been carried out more than 60 years ago.  The
pharmacokinetic study of Young et al. (1977) was discussed as the key study for AEGL-1.  Four
healthy young men were exposed to 50 ppm for 6 hours.  Eye irritation was a frequent complaint
throughout exposure.  Since the authors considered 50 ppm an adequate workplace standard, the
irritant effect was estimated to have been weak.  This conclusion is supported by older volunteer
studies (Silverman et al., 1946; Wirth and Klimmer, 1936) in which exposure levels of about 300
ppm only induced slight to moderate irritation.  Since for local effects to the eyes, no toxicokinetic
differences exist between individuals, a reduced intraspecies uncertainty factor 
of 3 was applied.  Because the eye irritation was not reported to have increased with time in the
key study, which is also supported by a guinea pig study (Yant et al., 1930), the 17 ppm
concentration was used across all AEGL-1 exposure durations.  A motion was made by Bob
Benson and seconded by Jim Holler to adopt the 17 ppm concentration for all AEGL-1 time
points.  The motion passed (YES:17; NO: 0; Abstain:1) (Appendix E).

As additional information for emergency responders, a level of distinct odor awareness was
derived.  On a standardized 5-step scale of odor intensity, the level of distinct odor is between the
level of faint odor and the level of strong odor.  Based on a reported odor detection threshold of
0.8 ppm (Hellman and Small, 1974) and the threshold of 0.3 ppm for the reference chemical 
n-butanol measured in the same study, a corrected odor threshold of 0.11 ppm (using the reference
odor threshold of 0.04 ppm for n-butanol) was derived.  By application of a default factor of 16, a
level of distinct odor awareness of 1.7 ppm was calculated.  At this level about 50 percent of the
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population are expected to experience a distinct odor.  Assuming log-normal distribution, the 10-
and 90-percentile concentrations for distinct odor awareness are 0.34 ppm and 8.8 ppm,
respectively.  A motion was made by Nancy Kim and seconded by Dave Belluck to adopt a level
of distinct odor awareness of 1.7 ppm.  The motion passed (YES:18; NO: 0; Abstain:1) (Appendix
E).

With regard to the AEGL-2, both effects on the central nervous system and effects on the liver
were discussed.  In a study by Goldberg et al. (1964), exposure of rats to 6000 ppm for 4 hours
resulted in a significant decrease of a conditioned response (pole climbing in response to buzzer to
avoid electrical shock), but did not affect the escape behavior (pole climbing in response to
electrical shock without buzzer).  This level was considered an adequate starting point because at
8300 ppm for 3.5 hours, narcosis was observed in mice (Wirth and Klimmer, 1936).  A total
uncertainty factor of 30 was applied.   The intraspecies factor was reduced to 3 because application
of the default factor would lower the AEGL-2 values to a level that was used in the
pharmacokinetic study by Young et al. (1977); i.e., a level that humans are known to tolerate
without adverse effect.  An interspecies factor of 10 was applied.  Due to the lack of chemical-
specific data, time extrapolation was done using the default values for the exponent n (1 for longer
and 3 for shorter time periods).  Time extrapolation was continued to the 10-minute period because
even at the considerably higher concentrations of 1600 ppm for 10 minutes (Yant et al., 1930) or
1400 ppm for 5 minutes (Wirth and Klimmer, 1936) exposed human subjects did not experience
more severe effects than irritation.  In the study by Drew et al. (1978) slight liver damage in rats
was indicated by a two- to threefold increase in the serum levels of three liver enzyme activities
following an exposure to 2000 ppm for 4 hours.  The endpoint of hepatotoxicity was also
considered relevant because liver necrosis occurred in cases of fatal dioxane exposure at the
workplace and repeated liver cytotoxicity is the mechanism suggested as the mechanism of the
carcinogenic effect of dioxane.  Application of a total uncertainty factor of 10 (3 for interspecies
and 3 for intraspecies uncertainty factors) based an the same reasoning as above and, additionally,
on the fact that the observed effect was considered below the level that could be tolerated
according to the AEGL-2 definition and application of time extrapolation as above results in
exactly the same AEGL-2 values.  A motion was made by Loren Koller and seconded by Mark
McClanahan to adopt AEGL-2 values for 1,4-dioxane for 10 minutes to 8 hours of 580 ppm, 400
ppm, 320 ppm, 200 ppm and 100 ppm.  The motion passed (YES: 18; NO: 0; Abstain: 0)
(Appendix  E).

The AEGL-3 values were based on a 4-hour LC50 of 14300 ppm in rats (Pozzani et al., 1959). 
Although this study did not use the most sensitive species (cats), it was used as key study because
it was the only study that was adequately described in the publication.  A factor of 3 was used for
extrapolation to a LC01.  A total uncertainty factor of 10 (3 for interspecies and 3 for intraspecies
uncertainty factors) was applied because a higher uncertainty factor would have resulted in AEGL-
3 values of 480 ppm for 10 and 30 minutes, which contrasts with the observation that exposure of
human subjects to 1600 ppm for 10 minutes (Yant et al., 1930) resulted in moderate irritation, but
not in more severe effects.  Due to the lack of chemical-specific data, time extrapolation was done
using the default values for the exponent n (1 for longer and 3 for shorter time periods).  It was
moved by Steve Barbee and seconded by Mark McClanahan to adopt AEGL-3 values for 1,4-
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dioxane for 10 minutes to 8 hours of 950 ppm, 950 ppm, 760 ppm, 480 ppm, and 240 ppm.  The
motion passed (YES:17; NO: 1; Abstain:0) (Appendix E).

SUMMARY OF AEGL VALUES FOR 1,4-DIOXANE

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint

AEGL–1 17 ppm
(60 mg/m³)

17 ppm
(60 mg/m³)

17 ppm
(60 mg/m³)

17 ppm
(60 mg/m³)

17 ppm
(60 mg/m³)

Slight eye irritation in
humans (Young et al.,
1977)

AEGL–2 580 ppm
(2100

mg/m³)

400 ppm
(1400

mg/m³)

320 ppm
(1100

mg/m³)

200 ppm
(720 mg/m³)

100 ppm
(360 mg/m³)

Slight behavioral effects
(Goldberg et al., 1964),
slight liver cytotoxicity
(Drew et al., 1978) in rats

AEGL–3 950 ppm
(3400

mg/m³)

950 ppm
(3400

mg/m³)

760 ppm
(2700

mg/m³)

480 ppm
(1700

mg/m³)

240 ppm
(860 mg/m³)

No deaths in rats (4 hours)
(Pozzani et al., 1959)

Level of distinct odor awareness 1.7 ppm
(6.1 mg/m³)

Odor detection threshold
in humans (Hellman and
Small, 1977)

Sulfur Dioxide
CAS Reg. No. 7446-09-5

Chemical Manager: Loren Koller, OSU
Staff Scientist: Cheryl Bast, ORNL

The discussion on sulfur dioxide was led by Cheryl Bast (Attachment 11).  An AEGL-1 of
0.25 ppm was proposed based on the weight-of-evidence from several studies with exercising
asthmatics.  This value was a NOAEL for bronchoconstriction in exercising asthmatics.  A motion
to accept the AEGL-1 was made by Loren Koller and seconded by Mark McClanahan.  The
motion passed (YES:16; NO: 0; Abstain:1) (Appendix F).  It was noted that the Shepard et al.
(1981) and Linn et al. (1987) studies should be added to the weight-of-evidence argument.  It was
further noted that 0.25 ppm is a NOAEL for clinical symptoms, that this lack of response occurs in
cool, dry air, and that the data do not include studies out to 8 hours.

An AEGL-2 of 1.0 ppm across time was proposed based on a weight-of-evidence approach.  The
endpoint was an increase in airway resistance of 102%-580% in exercising asthmatics exposed to
1.0 ppm.  It was moved by Ernest Falke and seconded by Loren Koller to accept this value.  The
motion did not pass (YES: 8; NO: 8 ; Abstain: 0) (Appendix F).  Following further discussion on
the short time periods of the studies and lack of exercise in one of the studies, values of 1.0, 1.0,
1.0, 0.75, and 0.75 ppm were proposed by Richard Thomas.  The 0.75 ppm value was considered a
NOAEL for the longer time periods.  The motion was seconded by Robert Snyder.  The motion
passed (YES: 12; NO: 3; Abstain: 2) (Appendix F).  It was suggested that data on atopic
individuals be added to the justification.
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The data leading to derivation of AEGL-3 values was discussed by Cheryl Bast.  The discussion
included the reason for time scaling, the mechanism of action of sulfur dioxide, and the n value 
of 4 derived from mouse lethality data.  Jonathan Borak pointed out that the response for the
AEGL-3 burns and constriction of the bronchi - would be the same for asthmatics and non-
asthmatics.  The benchmark dose approach was utilized (using the 5% response of the lower 95%
confidence interval).  The lethality data from a 4-hour study with rats was used.  The total
uncertainty factor was 30.  It was moved by Ernest Falke and seconded by Bob Benson to accept
the values.  The motion passed (YES: 13; NO: 3; Abstain: 1) (Appendix F).  

Summary of Proposed AEGL Values for Sulfur Dioxide [ ppm]

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint

AEGL-1 0.25 0.25 0.25 0.25 0.25 NOAEL for clinical
symptoms in exercising
asthmatics

AEGL-2 1.0 1.0 0.75 0.75 0.75 NOAEL for severe
respiratory response in
exercising asthmatics

AEGL-3 42 32 27 19 16 Benchmark dose approach;
4-hour study with the rat

 Dimethyldichlorosilane: CAS Reg. No. 75-78-5
Methyltrichlorosilane: CAS Reg. No. 75-79-6
Trimethylchlorosilane: CAS Reg. No. 75-77-4

Chemical Manager: Ernie Falke, EPA
Staff Scientist: Cheryl Bast, ORNL

Cheryl Bast reminded the NAC/AEGL Committee that acute toxicity from dimethyldichlorosilane
and methyltrichlorosilane is due to the hydrolysis product, HCl.(Attachment 12)  Because the 4-
and 8-hour AEGL-2 values as well as the 8-hour AEGL-3 value for HCl were modified in
response to NRC/COT comments, the respective values for the two silanes needed modification. 
Therefore, it was proposed that for dimethyldichlorosilane the 4-hour AEGL-2 value be raised
from 3.3 to 6.5 ppm, that the 8-hour AEGL-2 value be set equal to the 4-hour value, and that the 8-
hour AEGL-3 value be set equal to the 4-hour AEGL-3 value of 13 ppm.  It was moved by John
Hinz and seconded by Nancy Kim to accept the proposed changes.  The motion passed (YES:17;
NO: 0; Abstain: 0 ) (Appendix G). 

A similar change was proposed for methyltrichlorosilane.  The 4- and 8-hour AEGL-2 values were
raised to 3.1 and 3.1 ppm and the 8-hour AEGL-3 value was set equal to the 4-hour value of 7.0
ppm.  The motion to accept these changes was made by John Hinz and seconded by George
Rodgers.  The motion passed (YES:16; NO: 0; Abstain:0) (Appendix H).  The statement that the
values are conservative will be changed to say that the previous values were inconsistent with the
human data.
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For trimethylchlorosilane, the proposed AEGL-1 value of 1.8 ppm was based on its breakdown to
1 mole of hydrogen chloride (Attachment 13).  This 1.8 ppm concentration of hydrogen chloride
was a NOAEL for pulmonary function changes in exercising asthmatics.  The motion to accept 1.8
ppm across all AEGL-1 exposure durations as well as the proposed values for the AEGL-2 and
AEGL-3 was made by John Hinz and seconded by Mark McClanahan.  The motion passed
(YES:18; NO:1; Abstain:0 )(Appendix I).  The proposed AEGL-2 values were based on severe eye
and respiratory tract irritation in rats exposed to 3171 ppm for 1 hour.  Intraspecies and
intraspecies uncertainty factors of 10 and 3 were applied, and a modifying factor of 3 was applied,
the latter to account for data in a single species and use of a LOAEL.   The total adjustment was
100.  Time scaling utilized the same value as calculated for hydrogen chloride  (n = 1).  Based on
the extensive scrubbing of hydrogen halides by the respiratory tract, the 4- and 8-hour values were
set equal as was done for hydrogen chloride.  Values are listed in the table below.  The motion for
AEGL-2 passed (YES:19; NO:0; Abstain:l) (Appendix I).  The AEGL-3 was based on a calculated
LC01 of 3970 ppm in rats exposed to trimethylchlorosilane for 1 hour.  Interspecies and
intraspecies uncertainty factors of 10 and 3 were applied, and time scaling was based on n = 1. The
4- and 8-hour values were set equal as was done for hydrogen chloride.  The motion for  AEGL-3
was also passed (YES:19; NO: 0; Abstain: l )(Appendix I ).  It should be noted that the values may
be conservative as the hydrolysis of trimethylchlorosilane may not be complete.

Summary of Proposed AEGL Values for Trimethylchlorosilane [ ppm]

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint

AEGL-1 1.8 1.8 1.8 1.8 1.8 NOAEL for clinical
symptoms in exercising
asthmatics (based on
hydrolysis to hydrogen
chloride

AEGL-2 192 64 32 16 16 Severe respiratory response
in rats adjusted by
modifying factor

AEGL-3 790 270 130 33 33 Calculated 1-hour LC01 in
rats 

Nitrogen Dioxide
CAS Reg. No. 10102-44-0

Chemical Manager: Loren Koller, OSU
Staff Scientist: Carol Forsyth, ORNL

Ed Faeder, SRF Environmental, Inc., made a presentation entitled  Surface Coal Mining in
Wyoming – an NO2 Exposure Issue” (Attachment 14) along with representatives Terri Lorenzon, 
State of Wyoming, Wendy Hutchinson, Thunder Basin Coal Wyoming Environmental Quality
Council, and Blair Gardener, Jackson Kelly, PLLC. 
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More than one-third of all the coal mined in the United States during fiscal year 2002 was
produced from surface mines in the state of Wyoming.  It is mined by removing rock and other
material overlying the coal seam(s), fracturing, extracting, and crushing the coal, and loading it
into railcars for shipment. Much of the mining process involves the use of explosive charges to
fracture the coal and overburden to facilitate coal extraction.  For a variety of reasons, the
explosive of choice is a mixture of ammonium nitrate and fuel oil (“ANFO”).  Hundreds of
millions of pounds of ANFO are used annually in the production processes.  The blasting
operation ideally converts ANFO into nitrogen, carbon dioxide, and water.  However, under real-
world conditions, combustion of ANFO is incomplete and a variety of by-products are formed
including oxides of nitrogen.  Nitrogen dioxide (“NO2") can form in sufficient quantities and
concentrations to be seen as a red or orangish-brown cloud, under certain conditions.  By
regulating the blasting processes, as mines currently do, the likelihood of high levels of NO2
impacting a single receptor more than once in a long time is low.  This translates to the likelihood 
that a given human is exposed to a high level of NO2 for more than a short time is very infrequent.

The purpose for this talk was to present their opinions on the development of AEGLs to the
National Advisory Committee (“Committee”) , and solicit input through the development of
realistic AEGL-1 and AEGL-2 10-minute values.  From a public safety standpoint, the distinction
between noticeable detectability and notable discomfort is quite important. If the AEGL-1 level is
set at this notable discomfort threshold, it could assist Wyoming officials charged with
responsibility of promoting the safety of individuals who might be exposed.  It could also help the
Committee understand the application of AEGL values to actual settings.  To the extent that the
10-minute AEGL-1 value reflects notable physiologic changes in people or organoleptic
detectability, rather than modest discomfort, that value becomes more significant for the
establishment of an exposure criterion “not to be exceeded more than once in a long time” than the
10-minute AEGL-2 value.

Nitrogen Dioxide TSD Discussion:
Previous NAC/AEGL action on nitrogen dioxide was reviewed and current concerns were
addressed in a presentation by Carol Forsyth (Attachment 15).  On September 15, 1998, the
NAC/AEGL had adopted by unanimous vote the 30-minute, 1-, 4-, and 8-hour values for all three
AEGL levels.  At a subsequent meeting, a concern was expressed by the committee that the basis
for AEGL-2, Henschler et al., 1960, was a secondary citation.  It was explained that the study was
translated, details were added to the TSD, and that the development team believed this to be a
well-conducted study.  Another concern was for the quality of the study used as the basis for
AEGL-3, Henry et al., 1969.  The development team considers this to be a well-conducted study
and the lead author is respected in the field of inhalation toxicology; some details have been added
to the TSD.  No additional concerns were raised by the NAC/AEGL following this discussion.  
Derivation of the 10-minute values followed the SOP, used previously accepted key studies and
endpoints, are supported by human and animal data, and time-scaled for AEGL-2 and -3 because
the key studies had exposure durations #2 hours.  The 10-minute values  for all three AEGL levels
were then proposed by Bob Benson and seconded by Tom Hornshaw as 0.50, 20, 34 ppm for
AEGL-1, 2, and 3, respectively. The motion was voted separately and passed with majority votes
(AEGL-1: YES:   14; NO:4; Abstain:0, AEGL-2: YES: 14; NO:3; Abstain: l, and AEGL-3:
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YES:17; NO: 0; Abstain:   l) (Appendix J).   The NAC/AEGL requested the following of the
development team: (1) add back-up/supporting information for AEGL-2 and -3 as suggested by
Steve Barbee; (2) include the magnitude of the decrease in arterial pO2 measured in COPD
individuals; (3) evaluate information presented at the meeting by George Alexeef; and, (4) resend
the TSD to the committee after these revisions are completed.

Summary of AEGL Values (ppm [mg/m3])

AEGL Level 10-minute 30-minute 1-hour 4-hour 8-hour

AEGL-1 0.50 [0.94] 0.50 [0.94] 0.50 [0.94] 0.50 [0.94] 0.50 [0.94]

AEGL-2 20 [38] 15 [28] 12 [23] 8.2 [15] 6.7 [13]

AEGL-3 34 [64] 25 [47] 20 [38] 14 [26] 11 [21]

Nitric Oxide
CAS Reg. No. 10102-43-9

Chemical Manager: Loren Koller, OSU
Staff Scientist: Carol Forsyth, ORNL

Carol Forsyth briefly pointed out (Attachement 15) that on September 15, 1998, the NAC/AEGL
voted to adopt the nitrogen dioxide values for nitric oxide because the major effects are from
nitrogen dioxide.  A note will be included in the nitric oxide (NO) TSD that short-term exposures
below 80 ppm NO should not constitute a health hazard.  No additional discussions or comments
were made by the NAC/AEGL Committee.
Carol expressed concern on the AEGLs development of Nitric acid (Attachment 15) and proposed
the AEGLs as stated in the current TSD or to develop alternatives.  A report summarized the study
of Gray et al. (1954) by W. F. ten Berge  was suggested for incorporation if it is appropriate.  A
revised TSD will be presented at the next meeting. 

Benzene
CAS Reg. No. 71-43-2

Chemical Manager: Bob Snyder, Rutgers University
Staff Scientist: Marcel van Raaij, RIVJM, The Netherlands

Benzene was discussed for the third time (Attachment 16).  The TSD of benzene was only
modified at some specific points. First, this includes the addition of studies described by Von
Oettingen in 1940 with various C x T combinations resulting in narcosis. These studies provide
evidence for N= ±1.
 



NAC/AEGL-27 F 3/200316

It is proposed not to use these data directly but to use these data to support the concept that n=3 for
extrapolating to shorter duration is too conservative and that n=2 is a good alternative. Secondly, a
general paragraph on occupational exposure was prepared to be added to the TSD.
In the NAC/AEGL-26 (June 2002), John Morawetz made comments on the human studies in the
TSD and urged for a rewrite. In addition, Exxon and API offered to provide additional data on
human / occupational exposure (and health effects). No additional data on acute exposure data
were received by the  December 2002 meeting.

Because no decisions were made on the selection of endpoints that should be used for AEGL
development at the June 2002 meeting, the current TSD did not reflect a total rewrite.  The
NAC/AEGL considered irritation and mild  CNS effects endpoints for developing possible AEGL-
1 values.  First, a study by Sbrova 1950 (110 ppm, 2 h, no subjective symptoms) was considered as
a NOAEL for irritation. That would have resulted in 37 ppm as AEGL-1 for all exposure time
periods.  A motion was made by Ernie Falke and seconded by George Rodgers to adapt the
proposed 37 ppm for AEGL-1.  The motion failed (YES:5; NO; 7; Abstain: 1) (Appendix H). 
Alternatively, the NAC/AEGL considered mild CNS effects for AEGL-1. The interspecies factor
was 1, the intraspecies factor was 3 since CNS effects do not vary more than a factor 2-3 within
the population. N-values were 2 (to shorter duration) and 1 (to longer durations). The resulting
AEGL-values were:127, 73, 52, 18, and 9 for 10-min., 30-min, 1, 4, and 8 h, respectively.  A
motion was made by John Hinz and seconded by Mark McClanahan to accepted the proposed 
AEGL values.  The motion for AEGL-1 passed (YES: 11; NO: 0; ABSTAIN: 1) (Appendix H)”.

Toward the end of the meeting,  there was not a quorum to vote for the AEGL-2 and AEGL-3
values. However, NAC/AEGL continued to discuss the choices and the approach to be taken for
the AEGL-2 and AEGL-3 levels. It was concluded that for acute exposure, CNS effects are the
endpoint to be used and that no values should be developed based on hematotoxicity or
developmental toxicity. Similar to toluene (which has been reviewed already by the COT), the
developmental effects of benzene appear to be similar to an “alcohol-like” pattern of effects on the
fetus which is most likely the consequence of repeated exposure.

The committee members were supportive of the approach presented in the TSD for AEGL-2 and 3
values including the use of n=2 and n=1 (see above). (Because the default values for n are 3 and 1,
the only significant change for benzene is the use of n = 2 rather than the default value of 3 when
time scaling to shorter time periods. )  In addition, the NAC/AEGL present had a rather uniform
opinion and supported the historic value of all occupational exposure data providing a picture on
benzene exposure and health effects were provided and distributed to NAC/AEGL prior to the
meeting.   It was acknowledged that many of the “old” studies do not fulfill current SOP criteria 
but that the concentrations reported in different factories and workplaces, and the number of
people involved, provides insight on the order of magnitude of the exposure. Such conditions were
not associated with an inability to escape.  The TSD of benzene will be reviewed at a future
meeting.

John Morawetz was unable to attend the NAC/AEGL-27 meeting; however, he sent his comments
regarding his pre-meeting review of benzene TSD and submitted his comment (Attachment 17)
and requested to be noted in the meeting highlights as the following: 
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“Mr. Morawetz sent comments describing a number of serious problems with the characterizations
of many of the human studies described in the Benzene TSD and summarized in the Derivation
Sections for AEGL-1, 2 and 3.  Mr. Morawetz requested that the committee decide if any changes
in the descriptions of the human studies need to be made and communicate to him that decision.”

Administrative  Matters

Dr. Oscar Herandez provided an update on the human subject study clearance status and
distributed two handouts: Environmental News- Agency requests National Academy of Sciences
(NAS) input on consideration of certain human toxicity studies (Attachment 18) And the scope of
NAS project “Use of Third Party Toxicity Research with Human Research Participant.”
(Attachment 19).  In addition,  George Rusch asked NAC/AEGL members to comment on the
Draft write up “Application of Acute Exposure Guideline Levels” (Attachment 20) and send
comments to him since this is the first time the Committee got a chance to read it and the
discussion was deferred to a later meeting.

The site and time of the next meeting, NAC/AEGL-28 was discussed.  Pending the availability of
the meeting facility at Salt Lake City, Utah and EPA off-site travel approval, the meeting will be
held in conjunction with the SOT Annual Meeting.  The date is set for March 7-9, 2003, at Salt
Lake City, Utah.  The alternate proposal was on March 25-27, 2003, in Washington, DC.   The
dates for NAC/AEGL-29 and 30 have been set tentatively on June 17-19, and September16-18,
2003, respectively.   More information regarding the NAC/AEGL-28 will be coming from Po-
Yung Lu as soon as the determination and decision is made.

All items in the agenda were discussed as thoroughly as the time permitted.  The meeting
highlights were prepared by Po-Yung Lu and Sylvia Talmage, Oak Ridge National Laboratory,
with input from the respective Chemical Managers, authors, and other contributors.
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